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FOREWORD 


This  report  covers  work  performed  as  as  in-house  research  ©Sort  concerning  tbs  iavestiga- 
tion  of  tbs'  phenomenon  of  chemiluminescence  for  signalling  purposes.  The  effort  was  conducted 
by  the  Air  Force  Flight  Dynamics  Laboratory  of  the  Research  aad  Technology  Divisions  Air 
Fores  Systems  Commard,  Wrighi-Patierson  Air  Force  Base,  Ohio.  The  teres-signtioa  was 
initiated  for  the  Limited  War  effort  under  a  special  charge  number  G4IA-77SS3.  The  chief 
Investigator  was  -J.  Brennan  Gisciard.  The  work  commenced  in  September  1385  and  was 
completed  in  December  1985.  The  manuscript  was  released  by  the  author  in  March  1SS8  for 
publication  as  a  technical  report.  Resumption  of  any  additional  exploratory  work  will  be 
only  upon  request  from  an  interested  department  or  agency. 

Distribution  is  limited  because  this  report  contains  information  embargoed  under  the 
Department  of  State,  International  Traffic  in  Arms  Regulations,  and  the  U.S.  Export  Control 
Act  of  I34S. 

Publication  of  this  technical  report  does  nos  constitute  Air  Force  approval  of  the  author’s 
findings  or  conclusions.  It  is  published  only  for  the  exhaege  and  stimulation  of  ideas. 
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Chief,  EaTtrsnmeatsl  Control  Branch 
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ABvS  TRACT 


Reliable  and  unique  signalling  devices  area milib>ry  ..ess  by  am  tbs  vagaries  of  nocturnal 

operations  on  land  and  sea  engender  a  constant  search  tor  improvements  and  innovations.  The 
phenomenon  ol  chemiluminescence  has  been  under  study  as  a  simple,  reliable  means  of 
producing  a  unique  light  that  might  be  adaptable  as  a  signalling  device.  The  chemical  compound 
commonly  known  as  luminol  remains  the  best  producer  of  “cold1"  light.  Various  attempts  were 
made  to  oxidise  the  compound  using  reagents  that  would  be  safe  te  handle  and  easily  available 
for  field  use  but  would  be  capable  of  producing  a  visible  glow.  It  was  found  that  the  luminol 
can  be  oxidized  with  any  ordinary  <  hlorlne-contalning  bleach  to  produce  a  greenish  blue  light 
that  can  be  made  to  function  as  a  flash  or  continuous  glow  that  is  visible  from  a  considerable 
distance.  Provided  wafer  is  available,  the  method  offers  a  means  of  signalling  when  electrical 
equipment  of  any  kind  is  net  available  or  has  ceased  to  function.  The  phenomenon  might  also 
be  used  to  cr  ate  bizarre  effects  for  psychological  warfare. 
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INTRODUCTION 

The  chemical,  5-arni«o-2,3-dlhydro -1,4 
phthalaz  inedlone ,  commonly  known  as  ium- 
inol .  exhibits  the  unique  property  of  giving 
off  a  greenish  blue  light  when  it  is  oxidized 
In  an  alkaline  solution.  The  light  is  short 
lived,  however,  and  the  reaction  is  irre¬ 
versible  so  that  a  continuous  glow  is  emitted 
only  while  an  oxidizing  agent  is  brought 
in  contact  with  unreacted  luminol.  The  light 
may  therefore  consist  of  a  single  flash  that 
deteriorates  rapidly  or  a  continuous  glowing 
stream  depending  upon  the  manner  in  which 
the  chemicals  are  mixed. 

The  luminescence  oi  luminol  was  first 
studied  in  detail  and  described  by  Albrecht 
(Reference  1).  The  phenomenon  gained  the 
attention  of  Langenbeck  and  Ruge  (Refer¬ 
ence  2)  who  performed  additional  experiments 
featuring  light  production,  and  their  work 
was  followed  closely  by  Huntress,  Stanley, 
and  Parker  (Reference  3).  Other  publica¬ 
tions  have  appeared  on  luminol  but  the  authors 
have  concerned  themselves  primarily  with 
the  study  of  the  mechanism  of  the  reaction 
which  is  beyond  the  scope  of  this  report. 

The  data  that  follows  describes  the  various 
ways  in  which  luminol  can  be  meoe  to  react 
with  an  oxidizing  agent  to  produce  a  strongly 

vinlule  lurr)int?m_$«9nrs»:.  in  He'iflfiimg  mg 

procedures  consideration  was  given  to  prob¬ 
lems  that  arise  #rom  the  use  of  chemicals 
by  nontechnical  personnel,  ‘‘he  difference 
between  field  conditions  versus  laboratory, 
the  hazards  involved-  and  the  cost  of  the 
chemicals  employed  in  the  reaction. 

TEST  PROCEDURE 

Reference  to  the  literature  cited  and  that 
of  a  recent  publication  (Reference  4)  indicate 
that  the  desirable  alkalinity  which  optimizes 
Hgfat  production  is  furnished  by  solutions  of 
sodium  hydroxide.  Accordingly,-  the  experi¬ 
ments  were  performed  in  this  reagent  in 
varying  concentrations  L  t  other  alkaline 
materials  were  also  investigated. 

Basic  conBide rations  lor  the  use  of  luminol 
in  the  field  are  Hie  following: 

i.  The  compounds  to  be  made  into 


solutions  should  preferablv  be  so! ids  for  ease 

- - 1 - j _ _ -*  i - ... - i.i..  _ 

w  ttuu.  uiuibipurmi^. 

2.  Thao  should  bo  very  soluble  in  water 
and  require  to  special  mixing  procedures. 

3.  To  iOiluco  cost  and  hazard  to  personnel 
they  should  be  capable  of  producing  the  de- 
si  ’ed  effect  in  very  low  concentrations. 

In  view  of  these  considerations,  a  number 
of  preliminary  expo  meats  were  performed. 
These  experiments  consisted  of:  (a)  Pre¬ 
paring  an  alkaline  solution  ana  dissolving 
the  luminol  in  the  solution,  or  first  mixing 
the  solid  reagent  and  luminol  together,  then 
dissolving  the  mixture,  and  (b)  Adding  an 
oxidizing  agent  to  tins  prepared  alkaline 
solution  of  luminol  in  the  dark  to  observe 
the  effects.  The  results  are  shown  in  Table  1. 

The  results  In  Table  I  reveal  that  the 
most  desirable  effects  are  produced  when  a 
solution  of  luminol  in  NaOH  is  mxed  with 
a  dilute  solution  of  a  bleaching  compound. 
Either  5  percent  sodium  hypochlorite  or  a 
prepared  solutica  of  Du-chlor  can  be  used. 
The  Du-chlor  is  preferred,  however,  be¬ 
cause  it  is  a  pure  white  powder  that  is 
easily  handled  and  more  stable  In  solution. 
The  attached  photograph  shows  the  chemi¬ 
luminescent  phenomenon  as  produced  in  the 

UnnrQmry  Ttwj  'ftyignmy  girw  | mrj  fphm 

the  usual  and  well-known  oxidation  of  luminol 
with  hydrogen  peroxide  and  potassium  fer- 
rtcyanide.  Hydrogen  peroxide  is  an  unstable 
liquid,  however,  and  requires  further  inves¬ 
tigation  for  field  use.  Tne  glow  of  a  deeper 
blue  was  produced  with  solid  chemicals  that 
can  be  easily  adapted  ;o  field  uso. 

VISIBLE  EFFECTS  F  niELB  USE 

Regardless  of  the  degree  of  luminescence 
produced  by  laboratory  experiments,  to  be 
useful,  the  effect  must  be  demonstrated 
under  conditions  approaching  actual  field 
operations.  In  this  respect,  visibility  must 
be  achieved  and  persist  for  a  length  of  time 
commensurate  with  the  function  of  the  stal¬ 
ling  device  and  its  location.  An  arrangement 
was  set  up  in  which  a  solution  of  0.1  percent 
luminol  in  0.1  N  NaOH  was  fed  from  &  300  ml 
bottle  at  a  controlled  rate  and  merged  in 
a  Y  tube  with  a  similarly  contained  0.5  percent 


1 


ri''  a  n  i  c  ) 

JL  wT*.*J  Ijij  A 


. .  FFDL-TR -66-111 


ALKALINE 

REAGENT  \ 

OXIDFSER 

USED 

LIGHT 

EFFECTS 

1%  Luminol  in  1%  K^COs 

PouLsaium  Ferricyanide  1% 

B a  rely  visible 

1%  Luminol  in  1%  KjCOs 

i 

Sodium  Hypochlorite  5% 

Increased 

Luminescence 

1%  Luminol  in  IN  NaOtt 

Senium  Hypochlorite  5% 

Intense 

Green  Light 

1%  Luminol  In  C.  IN  NaOH 

0.5%  Sodium  Hypochlorite 
in  0. 1  N  NaOH 

Bright 

Blue  How 

1%  Luminol  in  0.  IN  NaOH 

Dilute  Hydrogen  Peroxide  and 
Crysta.  i  of  Potassium  Ferri¬ 
cyanide 

Bright 

Green  Glow 

1%  Luminol  In  1%K2COs 

Du  -chlcr  (Sodium 
dlofclorocyonurate)  1% 

Poor  Light 

1%  Luminol  In  IN  NaOH 

Du-chlor,  1% 

Bright  Blue  Glow 

0. 1%  Luminol  in  0.  IN  NaOH 

Du-chlcr  0.1% 

Brignt  Blue  Glow 

0. 1%  Luminol  in  1%  NajF^ 

Du-cblor  0. 1% 

Good  Luminescence 

cclutiort  <:f  sodhus  hypoohlort?*,  The  merging 
mixture  flowed  by  gravity  through  a  section 
of  1/4  Inch  00  cicar.  plastic  tubing.  The 
device  was  positioned  on  a  table  three  feet 
above  the  floor  at  one  end  of  a  tunnel  used 
for  experiments  is  lighting  effects.  As  the 
two  reagents  flowed  together  they  prod,  ced 
a  blue  glow  tor  about  three  feet  of  the  tubing. 
It  was  observed  that  the  glow  was  vi  sible 
at  a  dlnt&nce  of  200  feet.  By  changing  the 
flow  rate  of  the  ium tool  solution  k  pule  Lug 
glow  was  produced  ’which  was  also  visible 
at  this  distance. 


DISCUSSION 


The  oxidation  of  luminol  In  an  alkaline 
solution  to  the  dark  produces  an  intense 
blue  glow  that  is  visible  at  2©C  feet  It 
would  probably  be  visible  at  greater  distances 
provided  the  quantities  used  were  propor¬ 
tional  to  ihr  ve  used  to  laboratory  *xpeT’i- 
ments.  &Z  the  reagent  reared  to  p  reduce 
the  glow  are  very  soluble  la  water. 


The  chemical  reaction  is  unique  and  sug¬ 
gests  the  following  possibilities  for  applica¬ 
tion  to  the  Limited  Wa.  effort: 

1.  As  a  unique  signalling  de  vice  for  night 
operations. 

2.  As  a  locating  device  for  rescue  opera¬ 
tions  when  a  fire  or  flare  would  be  hazard- 
o,is  to  use. 

3.  As  a  locating  device  for  rescue  at  »«*. 

4.  As  an  emergency  landing  light  on  air 
strips. 

5.  As  a  psychological  weapon  by  virtue 
of  the  wiord  and  bizarre  effects  that  can  be 
produced. 

Ir,  any  area  f  use  additional  tests  would 
ha\  i  to  be  made  depending  upon  too  intended 
application,  the  manner  in  which  the  reagents 
;r*  to  be  handled,  and  the  feerr.  moans  of 
packaging  and  transporting  toe  reagent®  for 
field  use. 


2 


AFFDL-TR-66-111 


REFERENCES 


1.  Albrecht,  H.  0.»  “Uber  die  Chemiluminescent  des  Amincphthais averhydr asides. ' 5  Z. 
Pfaysik,  Che.  X3S:  321  (1928). 

2.  Laagenbeck,  W. ,  and  Ruge,  U,.  “Experiments  with  Luminal,”  Che.  Ber,  70:  367  (1937). 

3.  Huntress,  E.  H,.  Stanley,  L.  N. ,  and  Parker,  A.  3.>‘*  The  Oxidation  of  3-amisophythal- 
hydr azide  (“Luminol”)  as  a  Lecture  Demonstration  oi  Chemiluminescence, ”  Journal  of 
Chemical  Education  11:  142  (1934). 

4.  Neufeld,  H.  A.,  Conklin,  Charles  J.,  and  Towner,  R.  D.,  “The  Luminescence  of  Luminol 
as  a  Tool, for  Biodetection.”  Technical  Report  67,  U.S.  Army,  Biological  Laboratories, 
Fort  Detrick,  Md. 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  RID 

fS»eun(r  dasilticttian  o!  tttti,  body  o  I  abstract  grf  Ind*xtn4  annotation  muet  b*  aniantl  *+>*n  it, »  oaarall  npir;  is  cl&aetiitfi) 


f .  O^iGIMATfN  C  ACT|V|TV  (Corpora  f  tumor) 

Air  Fores  Flight  Dynamics  Laboratory,  Research  and 
|  Technology  Division,  Air  Force  Systems  Command, 

J  Wright-Patterson  Air  Force  Base,  Ohio 


j  2a.  REPORT  SECURITY  CVAIilUCATlOW 

UNCLASSIFIED 
|tt>  sroup 


1 

I 


3.  report  title 

Chemiluminescence  as  a  Signalling  Device 


|  4-  DSSCRlPTIVC  HOTES  (Typo  oi  export  art#  iacht*l*&  data  a) 


|  8-  AUTHORS/  (Lett  name  Hnt  namo,  initial) 

t! 

fa 

j  GISCLARD,  J.  Brennan 

| 

'ii 

1 

$.  DATE 

August  1986 


7a.  TOTAL  NO.  or  PAOCS 

5 


7b.  no.  of  ears 

4 


I- 


0*.  contract  OR  SR  ant  no. 

b.  SROJSCT  I'C 

e.  Special  Charge  No,  041A-77653 


•  a.  OniOINATOR'S  REPORT  NURJMRfS.} 

AFFDL-TR-66-111 


•  i-  g|Ti-ijsn  REPORT  NQ(3)  (Any  alhit  numbers  & et  ma?  be  aeel&tbd 


'«■  moyiccs  ^  document  is  subject  to  speclal  export  controls  and 

each  transmittal  to  foreign  nationals  may  be  made  only  with  prior  approval  of  Air  Force 
Flight  Dynamics  Laboratory  (FDFE). 


11.  SUPPLEMENTARY  MOTES 

Para  10  per  AFR  310-2 


IS-  SPOKSORtNO  MILITARY  ACTIVITY 

Air  Force  Flight  Dynamics  Laboratory 
Research  and  Technology  Division,  Air 
Force  Systems  Command,  WPAFB,  Ohio 


12-  ABSTRACT 


1  Reliable  and  unique  signalling  devices  are  a  military  necessity  and  the  vagaries  of 
I  nocturnal  operations  on  land  and  sea  engender  a  constant  search  for  improvements  and  § 
j  innovations.  The  phenomenon  of  chemiluminescence  has  been  under  study  as  a  simple,  i 
|  reliable  means  of  producing  a  unique  light  that  might  be  adaptable  as  a  signalling  device.  1 
j  The  chemical  compound  commonly  known  as  luminoi  remains  the  best  producer  of  | 

|  "cold"  light.  Various  attempts  were  made  to  oxidize  the  compound  using  reagents  that  ! 
|  would  be  safe  to  handle  and  easily  available  for  field  use  but  would  be  capable  of  producing  | 
|  a  visible  glow.  It  was  found  that  the  luminoi  can  be  oxidized  with  any  ordinary  chlorine-  °  • 
|  containing  bleach  to  produce  a  greenish  blue  light  that  can  be  made  to  function  as  a 
\  flash  or  continuous  glow  that  is  visible  from  a  considerable  distance.  Provided  water  is 
I  3. ■¥  i  £  j  the  method  offers  a  means  of  signalling  when  electrical  equipment  of  any  kind  S 

{  i3  not  available  or  has  ceased  to  function.  The  phenomenon  might  also  be  used  to  create 
;  bizarre  effects  for  psychological  warfare.  '  f 


•  .■r-sf.shisvb: 


UNCLASSIEiSP-.  .  . 

Secrnty  Classification 


key  memos 

LINK  A 

UHK  B 

UNX  C  f 

*o..r 

— r: 

w  . 

WOLE 

WT 

ROLE  t  WT  * 

' 

ignallitig  at  Night 
nique  Signalling  Device 
hemiluminescent  Signal 

Chemiluminescence 
•sychologicai  Warfare 
lold  Light  Effects 

_ 

' 

f 

R 

K 

i*. 

h 

a 

K 

| 

i 

£ 

i 

i 

Si 

& 

— ! 

INSTRUCTIONS 


ORIGINATING  ACTIVITY:  Enter  th«  name  and  address 
i  tha  contractor,  oubcoc'  r.ctor,  grantee,  Department  of  D»> 
?nea  activity  or  other  eft>  'S action  f corporate  author)  issuing 
no  roport. 

a.  REPORT  SECl^Y  CLASSIFICATION:  Entsr  the  over* 
;ll  security  claatlfjcstioa  of  the  report.  Indicate  whether 
'Restricted  Data"  is  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

16.  CROUP;  Automatic  downgrading  is  specified  in  DoD  Di- 
ective  5200.10  and  Armed  Forces  Industrial  Manual.  Enter 
he  group  n-  -Jbsr.  Also,  whan  applicable,  show  that  optional 
marking*  have  been  used  tor  Group  3  and  Group  4  aa  author¬ 
ised. 

3.  REPORT  TITLE:  Enter  ttu  complete  report  title  in  ell 
cepi'el  letters.  Titles  in  oil  caeca  should  be  unclassified, 
if  «  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  tide  classification  in  ell  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g>.  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  A'JTHOR(3):  Enter  the  name-Ca)  of  autboKs)  as  shown  on 
or  ir,  the  report.  Enter  test  Line,  first  name,  middle  initial. 

I!  aeiUtai/,  show  rani  end  branch  of  service.  The  name  of 
the  principal  .irthcr  is  an  absolute  minimum  requirement, 

5.  REPORT  DATE;  Entsr  the  dete  of  the  report  as  day, 
month,  year,  or  month,  yean  If  more  then  one  dete  appears 
on  the  report,  use  date  of  publication 

?o.  TOTAL  NUMBER  OF  PAGES:  Tha  total  page  count 
should  foiic w  normal  pagination  procedurec,  i.*. ,  enter  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCES  Enter  the  total  number  of 

references  citod  in  ifao  ,-*port. 

So.  COiTTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  cppjlctb.e  rasbss  of  the  contract  or  grant  under  which 

i  r:£  ;'«rpc?t  ifcf?*tts-ns 

66,  ce,  &  8d.  PEOjECT  NUMBER:  Eater  the  appropriate 
military  depict  meat  identification,  such  as  project  number, 
•sufccrojsct  nus&er.  ayctrtn  numbers,  tssfe  number,  etc. 

S*.  ORIGINATOR'S  REPORT  KUMSERfS):  Enter  the  cm- 
ela,  report  number  by  which  the  document  will  be  identified 

end  ci';;' roll sd  by  tta  originating  activity.  This  number  must 

be  -criCji.;  to  tbiu  iajsort, 

■-ii.  OT'-’EH  RTiPOTtr  NUMBERfS):  If  the  report  hen  been 
eviv  othtr  -sport  tuambsvs  felrfter  by  the  originator 
or  t rr- rr,"  rise  enter  tide  nwnbflfffo). 


imposed  by  security  cl  as  elf  lest  Ion,  using  standard  etatoments 

such  as: 

(1)  '‘Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC-” 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized." 

(3)  "U.  S.  Government  ogancies  may  obtain  copies  of 
thia  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 

», 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(5)  "All  distribution  of  this  report  is  controlled-  Qusi-  s 
ified  DDC  users  shall  request  through  t. 


If  the  report  hen  been  furnished  to  the  Office  of  Technical  g 
Services,  Department  of  Commerce,  for  sole  to  the  public,  indi*  g 
cate  this  feet  and  enter  the  price,  If  known,  ; 

lb  SUPPLEMENTARY  NOTES:  Use  for  additional  explans-  | 

tory  notes.  | 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of  | 
the  departmental  project  office  or  laboratory  sponsoring  (pay-  jj 
Ini  tor)  the  reae.tch  and  development.  Include  address.  £ 

13-  ABSTRACT:  Enter  en  abstract  giving  a  brief  and  factual  g 
summary  of  the  document  indicative  of  the  report,  even  though  | 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re-  | 
port.  If  additions!  space  is  required,  a  continuation  sheet  shall  jj 
be  attached.  g 

It  ia  highly  desirable  thet  the  abstract  of  cissciiied  reports  ^ 
be  unclassified.  Each  psragraoh  of  the  abstract  shall  end  with  | 
an  indication  of  the  military  security  classification  of  the  in-  t- 
formation  in  the  paragraph,  represented  es  <TS>,  (S),  (C).  or  ( U }  § 

There  is  no  limitation  on  the  leiyth  of  the  abstract.  How-  f. 
ever,  the  suggested  length  is  from  ISO  to  225  words.  ;i 

14.  KEY  WORDS:  Key  words  ore  technically  meaningful  terms  ■= 
or  shot;  phrases  that  characterize  a  report  and  may  be  used  as  p 
index  entries  for  cataloging  the  repot:.  Key  words  must  be 
selected  *o  that  no  security  classification  is  required.  Idcnti-  £ 
fiers,  such  as  equipment  model  designation,  trade  name,  military  § 
project  code  name,  geographic  location,  may  be  used  63  key  | 
words  but  vSJI  be  followed  by  an  indication  of  technical  cor-.-  fj 
t art.  The  assignment  of  links,  rules,  end  weights  ir.  optional,  s 


r'/',r "ST JsTiOM  NOTICES:  Ester  any  lire-  j 
•  :-.«a  of  tr_.  report,  other  than  those] 

UNCLASSIFIED 

Security  Classified  Sioa 


